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ABSTRACT 


The  Lightcraft  Technology  Demonstrator  (LTD)1  was  a  laser  propelled  trans-atmospheric  vehicle  concept 
developed  at  Rensselaer  Polytechnic  Institute  (RPI)  for  Lawrence  Livermore  National  Laboratory  and  the  SDIO 
Laser  Propulsion  program  in  the  late  1980's.  This  laser  launch  concept  was  envisioned  to  employ  a  100  MW-class 
ground-based  laser  to  transmit  power  directly  to  the  Lightcraft  in  flight.  An  advanced,  combined-cycle  engine 
would  propel  a  120  kg  (265  lb)  dry  mass,  1.4  m  (4.59  ft)  diameter  LTD,  with  a  mass  fraction  of  0.5,  to  orbit.  The 
LTD  vehicle  would  then  become  an  autonomous  sensor  satellite  capable  of  delivering  precise,  high  quality 
information  typical  of  today's  large  orbital  platforms.1  Here,  the  1  m  diameter  afterbody  optic  served  as  optical 
telescope  or  receiving/transmitting  antenna  for  low  power  laser  or  microwave  communication  systems. 

The  dominant  motivation  behind  the  LTD  study  was  to  provide  an  example  of  how  laser  propulsion  could 
reduce,  by  an  order-of-magnitude  or  more,  the  production  and  launch  costs  of  sensor  satellites.  The  1989  study 
concluded  that  a  vehicle  production  cost  of  $1, 000/kg  was  realizable,  and  that  launch  costs  must  be  limited  to  less 
than  $  100/kg  for  laser  propulsion  to  play  a  significant  role  in  the  future  of  space  transportation.  Today,  our 
expectations  for  the  use  of  laser  propulsion  technology  are  slightly  less  ambitious.  We  envision  the  launching  of  1 
kg  (2.2  lb)  Laser  Lightcraft  into  a  low-earth-orbit  (LEO)  for  less  than  $500  of  electrical  power  using  a  1 MWC02^ 
pulsed,  electric  laser.  Production  costs  of  about  $3,000  for  the  1  kg  spacecraft  appear  reasonable  at  present.  v“  - 

The  LTD  concept,  was,  a  microsatellite  in  which  the  laser  propulsion  engine  and  satellite  hardware  were 
intimately  shared.1  The  forebody  aeroshell  acted  as  an  external  compression  surface  (i.e.,  the  airbreathing  engine 
inlet).  The  afterbody  had  a  dual  function  as  a  primary  receptive  optic  (parabolic  mirror)  for  the  laser  beam  and  as 
an  external  expansion  surface  (plug  nozzle)  during  the  laser  rocket  mode  which  is  used  only  in  space.  The  primary 
thrust  structure  was  the  annular  shroud.  The  shroud  serves  as  both  air  inlet  and  impulsive  thrust  surface  during  the 
airbreathing  mode.  In  the  rocket  mode,  the  inlets  are  closed,  and  the  afterbody  and  shroud  combine  to  form  the 
rocket  thrust  chamber  and  plug  ("aerospike-type")  nozzle. 

The  objective  of  the  current  vertical  flight  program  is  to  develop  a  laser  beam  “hand-off’  technique  for 
future  flight  tests  powered  to  the  edge  of  space  (~30  km),  and  to  extend  Lightcraft  flights  to  significantly  higher 
altitudes  in  the  range  of  150  to  300  m.  The  hand-off  technique  is  the  method  by  which  the  laser  light  beam  is 
transferred  to  consecutively  larger  telescopes  during  a  Lightcraft  launch.  In  other  words,  the  laser  light  is  initially 
directed  through  a  small  diameter  telescope  at  the  start  of  the  launch.  Then,  as  the  Lightcraft  speeds  to  higher  and 
higher  altitudes,  the  laser  light  is  suddenly  shifted,  at  a  prearranged  altitude,  to  a  larger  diameter  telescope.  This 
larger  telescope  allows  the  beam  to  be  appropriately  focused  at  the  higher  altitudes.  This  laser  hand-off  will 
probably  occur  several  times  during  the  actual  launch  to  LEO  of  a  full  scale  Lightcraft. 

A  subscale  version  of  the  LTD  vehicle  is  being  developed  by  the  Air  Force  Research  Laboratory’s 
Propulsion  Directorate.  This  laser-powered  Lightcraft,  which  is  being  used  during  the  laser  hand-off  tests,  is  a 
l/10th-scale  model  of  a  Laser  Lightcraft  vehicle  concept  that  is  envisioned  to  launch  1-kg  payloads  into  LEO  for 
less  than  $500  of  electrical  power  some  time  in  the  next  5  to  7  years.  The  laser  hand-off  tests  were  conducted  at  the 
High  Energy  Laser  System  Test  Facility  (HELSTF),  White  Sands  Missile  Range  (WSMR>VNew  Mexico,  using  the 
Pulsed  Laser  Vulnerability  Test  System  (PLVTS)  C02  electric  discharge  laser.  This  laser  is  a  pulsed  wave,  closed 


Institute,  Prepared  under  Contract  No.  2073803  for  Lawrence  Livermore  National  Laboratory  and  the  SDIO  Laser 
Propulsion  Program,  30  June  1989. 


cycle  C02  laser  with  a  pulse  repetition  rate  of  1  to  30  pps  (selectable),  and  a  variable  pulse  width  of5  to  30  ps.  For 
the  laser  hand-off  tests,  the  laser  was  operated  at  25  pps  and  18  ps  pulse  width..  This  paper  will  discuss  laser 
modifications  that  were  made  to  improve  performance  just  prior  to  the  flight  experiments,  their  benefits,  and  the 
results  of  the  laser  hand-off  experiments.  Details  of  the  Lightcrafi  performance  over  altitude  and  distance  from  the 
laser  will  be  presented  along  with  flight  details  and  video  footage  taken  during  the  outdoor  free  flight  tests. 
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Portions  of  this  document  are  illegible  in  microfiche 
products. 

The  detailed  description  and  performance  analysis  of 
a  1.4  meter  diameter  Lightcraft  Technology  Demon¬ 
strator  (LTD)  Is  presented.  The  novel  launch  system 
employs  a  100  MW-dass  ground-based  laser  to  trans¬ 
mit  power  directly  to  an  advanced  combined-cycle 
engine  that  propels  the  120  kg  LTD  to  orbit  -  with  a 
mass  ratio  of  two.  The  slngle-stage-to-orbit  (SSTO) 
LTD  machine  then  becomes  an  autonomous  sensor 
satellite  that  can  deliver  precise,  high  quality  Informa¬ 
tion  typical  of  today’s  large  orbital  platforms.  The  domi¬ 
nant  motivation  behind  mis  study  is  to  provide  an  ex¬ 
ample  of  how  laser  propulsion  and  its  low  launch  costs 
can  induce  a  comparable  order-of-magnitude  reduc¬ 
tion  in  sensor  satellite  packaging  costs.  The  issue  is 
simply  one  of  production  technology  for  future,  survlv- 
able  SSTO  aerospace  vehicles  mat  intimately  share 
both  laser  propulsion  engine  and  satellite  functional 
hardware.  12  refs.,  31  figs. 
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Final  rept  1  Aug  B4-30  Sep  88. 

J.  E.  Heine,  J.  R.  Warren,  and  B.  A.  Cowles.  27  Jun 
89,  21 6p  PW/FL/FR-20505,  WRDC-TR-89-4027 
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A  model  capable  of  predicting  thermal  mechanical  fa¬ 
tigue  (TMF)  crack  initiation  and  propagation  in  coated 
advanced  blade  materials,  with  emphasis  on  crack  ini¬ 
tiation,  was  developed  and  demonstrated.  The  expert-1 
mental  program  included  isothermal  baseline  and  TMF1 
tests  on  one  alloy  and  two  coating  materials  to  evalu¬ 
ate  me  effects  of  mean  stress,  freouenev.  hold  Deri-' 


i  therefore  decided  to  conduct  a  series  of  four  Work- 
i  shops  addressing  me  areas  critical  to  Damage  Toler¬ 
ance  design  of  engine  parts.  The  present  report  in¬ 
cludes  the  papers  presented  during  Workshop  II  deal¬ 
ing  with  Defects  and  Quantitative  Materials  Behaviour, 
ilt  also  includes  me  content  of  me  discussions  which 
followed  the  presentations.  Keywords:  Endurance 

general;  Fatigue  mechanics;  Engine  disks;  Cracks; 

as  turbines;  Nato;  Alloys;  Metals;  Aircraft  engines. 
(AW) 
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Broadband  mixing  noise  are  generated  by  a  number  of 
sources  Inside  a  turbomachine.  The  most  important 
sources  are  me  turbulent  boundary  layers  (on  the 
casing  walls  or  on  me  blades),  me  turbulent  free  shear 
layers  (separated  flows)  and  turbulent  wakes  (from 
blades).  High  quality  noise  data  are  currently  not  avail¬ 
able.  A  set  of  reliable  near  and  far  field  mixing  noise 
data  from  me  free  shear  layers  of  a  low  speed  Jet  was 
obtained.  Work  concentrated  on  broadband  mixing 
noise  theory  on  free  shear  flows.  One  began  me 
theory  byadopting  me  Kappa-Epsilon  turbulence  mod¬ 
eling  equations  as  me  basis.  Although  at  mis  stage  me 
formalism  is  me  same  yet  a  slightly  different  interpreta¬ 
tion  of  me  physical  variables  is  needed.  The  averaging 
process  is  to  be  a  volume  average.  On  assuming  mere 
is  a  distinct  separation  of  scales  between  me  large  tur¬ 
bulence  structures  and  fine  scale  turbulence  a  closed 
set  of  governing  equations  can  be  derived  in  me  usual 
way  by  using  a  volume  average.  The  volume  is  to  be 
small  compared  with  me  large  turbulence  structures 
but  large  compared  to  me  fine  scale  turbulence.  The 
semi-empirical  constants  used  in  turbulence  calcula¬ 
tion  will  be  adopted.  The  next  stage  of  work  is  to  devel¬ 
op  ways  of  solving  the  time  dependent  equations  and 
to  determine  the  radiated  noise  intensity  and  spec¬ 
trum.  (JHD) 
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